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ABSTRACT
The effects of either porcine FSH, equine LH, or both
combined upon the pregametic a.nd gametic phases of the ovarian
cycle of Anolis carolinensis (green anole) were investigated
in animals maintained under one of three photothermal. regimensa

J hours light at 15 C;

14 hours light at 15 C1

or 14 hours

light at )2 C.
Increases in pre-vitellogenic follicle dia.aeter and ovarian
weight were significantly greater at .32 C than at 15

c.

A

trend towards decreased nW11bers of atretic follicles with
increased gonad.otrophin dosage occurred in response to 14 hours
light at )2

c.

Gonad.otrophin dosages which stimulated vitello-

genesis at 32 C did not induce yolking at 15

c.

Significant increases in ovar:y weight a.rd a trend towards
an increase in atretic follicles over group controls occurred
at cool temperatures irrespective of photoperiod (J or 14
hours).

Increases in body weight were observed in both 15 C

groups and were significant over both the )2 C group and the
initial

control~.

Significant increases in pre-vitellogenic follicle production occurred in both 15 C and J2 C groups irrespective of photoperiod (J or 14 hours).
Effects of gonadotrophin treatments are correlated with
and discussed in terms of the environmental pa.ra.aeters within
which they occurred.
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INTRODUCTION
The annual ovarian cycle of the green anole, Anolis
carolinensis, consists of three distinct phasesa
gametic, and regression.

p:regametic,

The p:regaaetic phase, lasting from

November to February, is characterized by inactive ovaries containing only small translucent, unyolked (pre-vitellogenic)
follicles, and atrophic oviducts (Crews and Licht, 1974),

During

this phase, the follicles are initially relatively uniform,
ranging from 1.2-1.4

ll1Dl

in diameter (Schaefer, 1972) but grad-

ually increase to 1.8-2.0
1974).

DUil

by late February (Crews and Licht,

The gametic phase (vitellogenesis) begins in March and

is characterized by the accumulation of yolk in a single follicle
per ovary.

Each yolky follicle enlarges rapidly until it is

ovulated at about 8.0 mm by the end of two weeks (Jones!_!:!:!·•
197Ja).

During the ensueing breeding season, a single ovarian

follicle matures and is ovulated alternately between ovaries
every 10-14 days (Schaefer, 1972).

Vitellogenesis ceases in late

August and all yolked and large p:re-vitellogenic follicles already
present in the ovary

be~in

to degenerate rapidly.

Female

!•

carolinensis are sexually :refractory to environmental stimuli
during the early portion of the :regressive phase of the annual
cycle.

Thus, phototherma.l stimuli that promote rapid ovarian

growth in winter and spring are ineffective in stimulating females
in September and October (Licht, 197J).
Investigations of the endogenous mechanisms controlling
reptilian reproductive cycles have established that gonadal

2

function is dependent upon the gonadotrophins of the anterior
pituitary (Licht and Pearson, 1969a and b;
~al.,

19?2b),

Eyeson, 1971;

Callard

Maml!la.lian (ovine and human) and avian (chicken)

gonadotrophins, administered exogenously to both sexes of!•
carolinensis, have demonstrated that both follicle stimulating
hormone (FSH) and lutein1z1ng hormone (LH, ICSH) are capable of
promoting testicular growth, spermatogenesis, and interstitial
cell activity in males {Licht and Pearson, 1969b) and ovarian
growth, ovulation, and steroidogenesis in female anoles (Licht
and Hartree, 1971),

FSH was found to be more potent than LH with

respect to all of these gonadal activities.

Recently, however,

Licht and Papkoff (1973) reported that ovine I.Ji, highly purified
by precipitation in ammonium sulfate to remove FSH, does have
intrinsic gonadotrophic activity in Anolis carolinensis but is
less potent than FSH.

These workers have attributed this disparity

in potencies between FSH and LH to differences in their biological
half-lives.
Some workers (Jones, 19691
1970;

Licht and Papkoff, 1971;

Licht and Pearson, 1969b;

Licht,

1972) have concluded that there

is only a single FSH-like gonadotrophin {gonadotrophin complex)
involved in the reproductive cycle of the female lizard ratter
than two separate gonadotrophins (FSH and IR) which differentially
control follicular development, enlargement of sexual accessory
structures, and ovulation.

However, investigators using exogenous

gonadotrophins to induce ovarian recrudescene are hindered by the
lack of absolutely pure mammalian FSH and LH preparations.

Although

3

purification procedures are available for the separation of gonad.otrophins in anuran and chelonian (Licht and Papkoff, 1974), avian
(Stockell-Hartree and Cunningham, 1969) and mammalian pituitaries
(Papkoff

,!:!:

al., 1967), the purities of these preparations are

subject to standardization, often in heterologous species (Channing
~.!!·•

19?4), by means of bio-assay against a partially purified

mammalian standard {e.g. ovine FSH or LH).

In fact, any cross

contamination between FSH and LH essentially precludes the confident
elucidation of the role of either in the reproductive cycle of
lizards.
In addition to the inconsistencies encountered through the
use of impure gonadotrophins to induce ovarian recrudescence,
little is known about the environmental parameters within which
these gonadotrophins functions i.e. how photoperiod and temperature
interact with gonadotrophins.

Since the pregametic and gametic

phases of the annual reproductive cycle in both sexes of !•
carolinensis are synchronistical {Schaefer, 1972), both the environmental cues and endogenous mechanisms which regulate these phases
are probably similar for both sexes.

Extensive studies of environ-

mental influences on gonadal activity have demonstrated that photoperiod and temperature have marked regulatory effects upon both
recrudescence of the involuted testes (Clausen and Por1s, 19J7s
Licht, 19661

196?a;

196?b;

19691

{Schaefer, 1972) in this species.

1971) and the ovarian cycle
Temperature rather than photo-

period has been observed to be the primary environmental cue for
the onset of v1tellogenes1s in!• carolinensis (Schaefer, 1972)
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stansburiana (Tinkle and Irwin, 1965) and Sceloporus undulatus

(Marion, 1970).

Surprisingly, a review of the literature revealed

no in depth examinations of the interaction between photoperiod.,
temperature, and hormone treatment.

In an attempt to better

clarify the nature of the pituitary-gonadal relationship in anoles,
several environmental parameters of photoperiod. and temperature
were established in the present study.

Within each, the phase

of the cycle (pregametic or gametic) and the magnitude of ovarian
sensitivity to exogenous gonadotrophins were examined and efforts
were ma.de to correlate treatment :responses with the photoperiod.
and temperature under which they occurred.
l1ATERIALS AND METHODS

Acquisition,!:!!!! Maintenance 2!, Lizards
Two hundred adult Anolis carolinensis females, collected in
southern Louisiana and shipped by air to Richmond, Virginia,
arrived in satisfactory condition during the first week in November,

1974. ID1J1ediately upon arrival, ten lizards were randomly placed
into each of twenty 13 cm X 18 ca X 29 cm plastic cages.

The

top of each cage was covered with a piece of screen wire secured
with a rubber band.

All lizards were kept in total darkness at

15 C for seven days until treatment was initiated. In each cage,
water was supplied.,!:!! libitWll from glass petri dishes and by
squirting along the sides.

Total darkness was interrupted for

approximately 10 minutes daily to replenish the water supply
in each cage.
~

Mealworms and crickets were supplied to all lizards

libitUJ11 for the duration of the experiment.
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Initial Controls
Studies were conducted during the aonth of November, 1974.
To confirm the non-reproductive (ovaries regressed) condition of
female!• carolinensis during this period, as reported by Dessauer
(1955) and Licht (1967a) 15 lizards were ra.ndolllly designated as
initial controls one week after arrival.
was killed with ether and weighed.

Each of these animals

A mid-ventral incision, extend-

ing from the cloaca to the pectoral gil.'dle was made, and the
pleuroperitoneal Yiscera. were retracted and exposed.

All· animals

were stored in 10% formalin.
Photothermal Regimens
Throughout this report, photothermal regimens will be
designated by the number of hours of light (L) per 24 hours,
followed by the temperature maintained under that photoperiods
e.g. 3La15C denotes a photoperiod. of 3 hours light followed by
21 hours darkness dally at an ambient temperature of 15

c.

During the same week the initial controls were killed, the
remaining lizards were placed in one of three photothermal regimens1
(I) JL115C

(II) 14La15C

(III) 14L1J2C.

In regimen I, a photo-

period. of three hours, though less than the minimWD natural day
length, was chosen because it approximates the time anoles spend
basking on war11 (15 C) winter days from Noveaber to February in
the New Orleans area (Schaefer, 1972).

Lizards in regimen I

were thus "physiologically hypophysectomized" with respect to
endogenous gonadotrophins (Licht, 1970).

Regimen III approxi-

mates summer photoperiod (Schaefer, 1972) and mean preferred
body temperature (Licht, 1968) in this species.

Regimen II,
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simulating sUllllller photoperiod. and winter temperature, was used
to differentiate environmental stimuli.
Anole body temperatures were controlled by placing the cages
either in a Lab-line Biotronette Mark III environmental chamber (J2 C)
or in a walk-in concrete cold room (15 c) cooled by an air conditioning unit.

It was necessary to house both experimental groups

subjected to 15 C temperatures within a single cold room,

To

accomodate the differential photoperiods of these two regimens

(14L115C, )La15C) an environmental chamber was placed in the cold
room.

Using only three hours of fluorescent lighting, it was

possible to maintain 15 C inside of the environmental chamber.
The experimental group under 14La15C was exposed to an 100 watt
incandescent light bulb suspended

5 feet from the cages. Those

lizards placed in environmental units were exposed to cool-white
light from three life line fluorescent 40 watt lamps (JL115C)
or three life line fluorescent 40 watt lamps and two Sylvania 40
watt incandescent lamps (14LaJ2C),
Phototherma.l conditions began on the first day of treatment
and continued throughout the experimental period,

Temperatures

were constant for both cool (15 C) groups, however, it was not
possible to maintain the warm group at 32 C during dark periods,
and temperatures dropped on the average 4-5 C for a period of
approximately 6 hours daily.
Hormone Preparation
Porcine Follicle Stimulating Hormone (FSH) and equine
Luteinizing Hormone (LH) were obtained from Schwarz/Mann.

The

?

porcine FSH contained a maximum of 5.0-10.0% LH and the equine
LH contained less than

40.0% FSH

cross contamination.

mones were dissolved in distilled water.

Both hor-

The dosage concentrations

of LH and FSH used were 5.0, 15.0, or JO.O ug hormone per injection.

Members of two photothermal regimens received a combined

injection of FSH and LH at one of three dosage levels1

LH + 5.0 ug FSHs
JO.O ug FSH.

5.0 ug

15.0 ug LH + 15.0 ug FSH1 or JO.O ug LH +

Injections of each hormone singularly or both hor-

mones combined were delivered subcutaneously in the dorsal neck
region in 0.05 cc distilled water.

Injections were given every

third day for 15 days (5 injections total).
Experimental Design
Seven sets of 10 anoles were placed in the JL115C photothermal regimen.

One set served as controls and received injec-

tions of distilled water.
three FSH dosages1

Three sets of anoles received one of

5.0, 15.0, or JO.O ug. The remaining three

sets received one of three FSH + LH combination injections1

5.0 +

5.0, 15,0 + 15,0, or JO.O + JO.O ug.
A

second experimental group, composed of seven sets of 10

anoles, was placed under the 14La15C phototherma.l regimen.

One

set received injections of distilled water and served as the controls.

Three of the seven sets received either 5.0, 15.0, or

JO.O ug LH.

Each of the remaining three sets received one of

three FSH + LH combination injections1
or JO.O + 30.0 ug.

5.0 + 5.0, 15.0 + 15.0,
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The third experimental group, coMposed of four sets of 10
animals, was placed in the 14LaJ2C photothermal regiaen.

One of

these sets served as the controls and received distilled water.
Each of the remaining three sets received either 5.0, 15.0 or
JO.O ug LH.
The first injection was given on day 1 of treatment and the
last injection was given on day 1J of treatment for each experimental group.

All animals were killed on the third day after the

last injection (day 16).
Autopsy
Upon termination of the experiment, each animal was killed
with ether and immediately weighed.

A mid-ventral incision,

extending from the cloaca to the pectoral girdle was made, and
each animal was tagged for future identification and stored in
10% formalin for three weeks prior to examination.

At that time,

each animal was removed from formalin and rinsed several times in
a 250 ml beaker of distilled water.
after every tenth animal.

Distilled water was replaced

After soaking in water, each animal

was placed on a paraffin filled petri dish under a Wild stereoscope.

Both ovaries were removed, freed of connective mesentery

tissue, and placed on moist kim-wipes for exa.Jlination.
were wetted at intervals with drops of distilled water.

Ovaries
The repro-

ductive condition of each ovary was deterained by the number of
pre-vitellogenic follicles (0.2

llUl1

diameter or larger), number of

atretic follicles, diameter (am) of the largest pre-vitellogenic
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follicle, and the diameter (mm) and number of yolked follicles,
Each ovary was then weighed to the nearest 0,1 mg.
follicles that appeared to be

Those yolked

atretic or to be becoming atretic

were denoted as atretic follicles.

Although formalin diminishes

tissue weight by approximately 10% (Schaefer, 1972) the efficacity
of relative changes in ovarian weights in reponse to treatment
was considered more relevant than absolute weights.
An analysis of variance, using a nesting design, was performed to detect differences between phototherma.l regimens.

If

the variability between any two photothermal regimens was greater
than the variability within each regimen for a given treatment
response, then a Newma.n-Keuls Analysis was performed,

Consequently,

responses to experimental treatment are expressed either as between
or within phototherma.l regimen differences.
RESULTS
Body weights of anoles under 14L115C and JLa15C were significantly higher than the body weights both of animals subjected
to 14La)2C and of the initial controls (Fig. 1).

Thus, the anoles

maintained at 15 C were well nourished, although they did not
seem to feed as well as the anoles at J2 C.

There were no signi-

ficant differences in body weight between the initial controls and
anoles in the 14La)2C photothermal regimen nor between anoles in
the 14La15C and those in the JLa15C environmental regimens.
Differences in body weight between hormone treatment sets within
each of the three photothermal regimens were not significant
(Table 1),
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Figure 2 compares mean number of atretic follicles per lizard
{both ovaries) for each treatment group.

At least one individual

in each treatment set within each photothermal regimen had no
atretic follicles in either ovary, except for the controls under
the 14La15C regimen.

Each of these control animals exhibited

at least one atretic follicle, thus the mean number of atretic
follicles for this set is a value greater than 1.0.

Due to the

complete absence of atretic follicles in many of the anoles tested,
an analysis of variance indicated no significant differences in
atretic follicles either between or within photothermal regimens
(Table 1).

However, there was a numerically noteworthy trend

towards a decrease in atretic follicles in response to hormone
treatment in the 1411)20 phototherma.l regimen, and an increase in
numbers of atretic follicles per animal in the JL115C and 14L115C
photothermal regimens {Fig. 2).
Numbers of pre-vitellogenic follicles increased in response
to each photothermal regimen and in response to all hormonal
treatments within the three photothermal regimens (Fig. J).
Although the mean increases in pre-vitellogenic follicles for all
photothermal regimens were significant over the initial controls,
differences in follicle numbers within each of the photothe:rmal
regimens were not significant (Table 1).

Nonetheless, all hormone

treatments administered at 14LaJ2C and 14La15C resulted in a
numerically greater number of follicles than the respective controls.
Correspondingly, under JL;15C all hormonal treatments except 5,0 ug
of FSH tended to increase pre-vitellogenic follicle production,
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Diameters of the largest pre-vitellogenic follicle per animal
were recorded to the nearest 0.01 mm.
of variance indicate

The results of an analysis

that there were no significant differences

in pre-vitellogenic follicle diameters between photothermal regimens
(rable1 ).

The only statistically significant difference in

follicle diameter within a photothermal regimen occurred under
14Ls)2C (Fig. 4).

Luteinizing hormone (LH), administered in a

5,0 ug dosage, increased pre-vitellogenic follicle diameters over
the controls,

LH, given in 15.0 or 30.0 ug dosages, stimulated

increases in follicle diameters greater than both those receiving
5.0 ug LH and the controls.
A comparison was made of the effect of photothermal regimens
and hormonal treatments on ovary weight (Fig, 5).

Anoles treated

under long days and warm temperatures (14La)2C) exhibited significantly heavier ovaries than did both the initial controls and
anoles treated at cool temperature (15 C), irrespective of photoperiod (J or 14 hours).

A Newman-Keuls Analysis indicated addi-

tional differences within the 14LaJ2C and JLa15C regimens (Table 1).
Animals injected with 5.0, 15.0, or JO,O ug LH and maintained under
14La)2C showed a marked dosage response to treatment (Fig, 6),
There was no significant difference in ovary weight between controls
and anoles which received 5,0 ug LH.

However, ovaries of anoles

receiving either 30.0 ug LH or 15.0 ug

il{

were significantly

heavier than the ovaries of anoles receiving 5.0 ug and the controls.
Of these, anoles that received JO.O ug Ul exhibited significantly
heavier ovaries than those that received 15.0 ug Ui.

All hormone
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treatment combinations ad.ministered to lizards maintained at
JL115C resulted in a significant increase in ovary weight (Fig.

7).

Ovarian responses to the three dosages of FSH (5.0, 15.0, JO,O ug)
and the three combinations of .LH plus FSH (5.0 + 5.0, 15.0 + 15.0,
or JO,O + JO,O ug) did not differ significantly.
Follicle yolking occurred in anoles maintained under 14LaJ2C
in response to 15,0 ug and J0,0 ug .LH (Table 2),

Nine anoles were

treated with 15.0 ug .LH, and of these, seven displayed yolked
follicles at the end of a 15 day treatment period,

One a.nole among

the seven had a single yolked follicle in each ovary,

Ea.ch of the

six :remaining anoles contained a single yolked follicle in either
the right or left ovary,

All yolked follicles appeared viable

and had a mean diameter of 2.67 mm.

LH (30,0 ug), administered

under 14LaJ2C, resulted in the yolking of a single follicle per
ovary in each of the 10 treatment animals (Table 2).

The mean

diameter of these yolked follicles was J,79 mm and was approximately

42,0% greater than the mean yolked follicle diameter of those
anoles receiving 15.0 ug LH under the sa.me (14LaJ2C) photothermal
regimen.

In contrast, mean pre-vitellogenic follicle diameters of

these 15.0 ug and JO,O ug .LH treated anoles were roughly equal
(Fig, 4),
DISCUSSION
Preliminary to establishing a role for either FSH or I.Ji, is
the understanding of the stimulatory or inhibitory nature of
envirollJllental influences on anole reproduction.

There were no

1J

discernable differences in ovarian response to gona.dotrophin treatments between anoles maintained under 14L115C and those maintained
under JL115C (i,e,

no photoperiodic effects).

Schaefer (1972)

reported that a long photoperiod stimulates an increase in the production of pregametic elements in the ovaries of anoles maintained
at both 15 C and J2

c.

The present study investigated the possi-

bility of photoperiod induced LH inhibition at the 15 C temperature,
These results indicate that, although a 14La15C photothermal regimen
plus exogenous LH and FSH1LH combinations does increase pre-vitellogenie follicle production, this increase does not differ significantly
from that observed under JL115C with the same (FSH1LH) or different
(FSH alone) hormone treatments,

Schaefer (1972) observed increased

pre-vitellogenic follicle production only after two experimental
weeks, thus the present study was perhaps of insufficient duration
(15 days) for hormone effects to become manifest.
Anolis carolinensis exhibits a seasonal ovarian cycle,

In the

winter, the quiescent ovary contains a germinal bed of primordial
By
-'
spring, some follicles in each ovary begin to grow because of yolk

follicles, some larger than others (Jones et al., 197Ja and b).

deposition in the ooplasm,

This follicular hypertrophy is stiaulated

by pituitary gonadotrophins in !• carolinensis (Licht, 19701
_!.!

.!:J:.,

Jones

197Ja), Lygosoma laterale (Jones, 1969) and other lizards

(Callard .!!

.!!•,

1972a, b, and c).

In the present study, pre-

vitellogenic ovarian follicles increased in diameter in response to
increasing dosages of LH at 14LaJ2C and increased pre-vitellogenic
follicle production was observed under all photothermal regimens,
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Diameters of yolked and pre-vitellogenic follicles were not considered separately in earlier reports (Jones, 19691
Jones .!!:

.!!•,

197Ja and b).

Licht, 19701

Thus, increases in follicle diameter

have been considered a function of vitellogenesis (Jones!,:!:!!••
197Ja and b).

The present study indicates, however, that increases

in p:re-vitellogenic follicle diameters occur independently of
vitellogenesis in

!•

ca.rolinensis, but are dependent upon gonad.o-

trophin titers and warm temperatures.

Thus, pre-vitellogenic

follicle growth, probably caused by hyperplasia of follicle cells
and hydration (Betz, 196J) precedes vitellogenesis.
During September all yolked and large pre-vitellogen1c
follicles (diameter 1.5-1.6 mm) begin to undergo atresia, which
continues throughout the winter and into early spring (Schaefer,
1972).

Little is known about the causal factors underlying atresia

or its physiological function in vertebrates.
ad.ministered FSH to refractory

!•

Crews and Licht (1974)

carolinensis females in which

either atretic follicles or p:re-vitellogenic follicles had been
surgically ablated,

Removal of the atretic follicle increased

ovarian and oviducal responsiveness to exogenous gonadotrophins by
5-fold.

They suggested that corpora atret1ca inhibited ovarian

sensitivity to hormones and served as an adaptive mechanism by
which the female's autumn refractoriness to otherwise stimulatory
influences would be assured and would prevent production and/or
initiation of a second reproductive cycle in the fall by aberrant
environmental factors.
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No consistent patterns were discernable with regard to the
incidence of atretic ovarian follicles in anoles exposed to various
combinations of temperature, photoperiod, and gonadotrophin treatments in the present study.

However, numbers of atretic follicles

were slightly higher at 15 C than at 32
did not occur at 15

c,

c.

Although vitellogenesis

increased production of pre-vitellogenic

follicles was observed in both 14La15C and 3La15C photothermal
regimens.

Thus, it is possible that the larger pre-vitellogenic

follicles in lizards within these two cool regimens underwent
atresia in response to gonadotrophin stimulation coincident with
inhibited vitellogenesis.

Under 14LaJ2C, ovaries of anoles

receiving 5.0, 15.0, or JO.O ug LH contained comparably fewer
atretic follicles than controls.

Admittedly, there was considerable

variation within this regimen, however, numbers of atretic follicles
did appear to decrease with increasing LH dosages.

This decrease

in atretic follicles perhaps mirrors the positive correlation
obtained between LH dosage and vitellogenesis and, consequently,
supports the comparably high numbers of atretic follicles observed
at 15 C (i.e.

because vitellogenesis did not occur).

Anoles maintained under 14La32C and treated with 15.0 ug or

30.0 ug equine LH

exhibite~

yolked ovarian follicles, ovarian

weight increases, and increases in follicle diameter in response
to treatment.

Anoles maintained under 14La15C and treated with the

same concentrations of LH exhibited no yolked follicles and atrophic
oviducts, as did anoles maintained at JL115C and given FSH alone
or in combination with LH.

These results support the premise that
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temperature is the critical environmental cue for the onset of
vitellogenesis in

!•

carolinensis (Schaefer, 1972) as well as

.!:!!:!

~sburiana (Tinkle and Irwin, 1965) and Sceloporus undulatus

(Marion, 1970).
Effects of temperature and photoperiod on the reproductive
cycle in

!•

Poris, 1937;

carolinensis have been well documented (Clausen and
Licht, 1967a and ba

19731

Schaefer, 1972).

Clausen and Poris (1937) reported an increase in testicular size,
weight, and spermatogenic activity in anoles subjected to 15-16
hour photoperiods at 25 C during November.

Licht (1972b) observed

accelerated testicular recrudesence in !• carolinensis by 14 hours
of light daily at )2 C in mid-September, but reported that photoperiods of 0-14 hours of light daily had no influence on the
initiation or rate of testicular recrudesence at 20 C.

Increases in

ovary weight and production of pre-vitellogenic follicles at a low
(15 C) temperature were observed under all hormone treatment combinations in the present study.

Licht (1967b)reported that!•

carolinensis males do not respond to exogenous FSH and LH at 20 C
and suggested that the lack of spermatogenesis at low temperatures
was due to a temperature induced insensitivity to gonad.otrophins.
Results of the present study indicate that although endogenous
gonad.otrophin levels are probably low at 15 C, the ovaries are
capable of responding to gonad.otrophin stimulation.
Most physiological processes are temperature dependent and
some endocrine responses appear to be unusually temperature sensitive (e.g.

the thyroid gland).

Licht (1972b) has suggested that
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temperature may affect the physiology of the pituitary gland by
inhibiting the metabolism of gonadotrophins.

These low circulating

titers of gonadotrophins during periods of cool envirorunental
temperatures would prevent ovarian recrudescence.

Anoles in

the present study did respond, however, to gonadotrophins with an
increased production of pre-vitellogenic follicles regardless of
the temperature employed (15 C or )2 C),

It has also been suggested

(Licht, 1972b) that seasonal temperature changes could modify
reproductive activity via direct actions on the gonads and related
tissues.

It is conceivable then, that temperature cycles might

generate seasonal gonadal cycles in the absence of any change in
gonad.otrophin levels if this system :responded like the thyroid in
showing virtually "on-off11 reactions over a relatively narrow
range of body temperatures (Na.her, 1965).
The first demonstration of target tissue sensitivity to temperature came from studies of testicular regression in hypophysectomized ~· carolinensis (Licht and Pearson, 1969a).

The rate of

regression was found to be highly temperature dependent; for example,
while testicular regression was virtually complete in 10-14 days
at )2

c,

there was little weight change or histological evidence

of spermatogenic regression in three weeks at 20

c.

However,

accessory sexual structures (epidymis and renal sex segment) did
regress within about two weeks at the lower body temperature,

Licht

and Pearson {1969b) :reported that whereas FSH stimulated production
of

spermatozo~

from spermatogonia within 2-J weeks at )2

c,

a few primary spermatocytes were formed in two months at 20

only

c.
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And.rogenesis was not stimulated at low temperatures.
Callard

~

al, (1972b) reported that various combinations of

FSH, LH, prolactin, and growth hormone, injected into intact and
hypophysectomized pregnant Sceloporus cyanogenys were not successful
in stimulating vitellogenesis and ovarian development until estrogen
injections were included.

These results suggest that a basic

deficiency preventing ovarian developaent in gona.d.otrophin injected
pregnant lizards is estrogen.

Estrogen, administered exogenously,

induces increased hepatic weight (Callard and Banks, 1970;
~ ~·,

1972a;

Callard

Gerstle and Gallard, 1972) hyperproteineaia and

lipemia (Urist and Schjeide, 1961) and enhanced RNA synthesis
(Wallace and Bergink, 1974) in both reptiles and amphibians.
Marschall and Gist (197J) reported that both estrad.iol-17-beta and
FSH reduced liver glycogen and plasma glucose levels and increased
oviducal weights in non-vitellogenic

!•

carolinensis.

Hepa.tic

synthesis of yolk protein {vitellin) during vitellogenesis or subsequent to estrogen treatment has been demonstrated in all classes
of oviparous vertebrates (Urist and Schjeide, 19611

Hahn, 1967;

Wallace and Bergink, 1974). ·
Pathways of steroid (estrogen) biosynthesis in the ovaries of
reptiles seem to resemble those of other vertebrates (Callard
1972b).

~

.!!••

The presence of delta-5, J beta hydroxysteroid dehydro-

genase, an enzyme indicative of steroid biosynthetic capability,
(Callard.

~al.,

1972b) has been demonstrated histochemically in a

number of reptiles including!• carolinensis (Jones,!:!:: al., 1974),
Sceloporus cyanogenys (Gallard et al., 1972b) and I.acerta sicula
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(Lupo di Prisco~ al., 1968),

In addition, a.mounts of delta-5,

3 beta hydroxysteroid dehydrogenase in !• carolinensis increase as
follicles approach ovulatory size

(Jones~!:!••

1974).

Thus, it appears that the following sequence of events occurs
in

f!• carolinensis under the environmental stimulus of warm.th

(32

c). The secretion of gonadotrophin(s) from the pituitary is

elicited. In response to this (these) gonadotrophin(s), which
stimulate the release of growth hormone from the pituitary (Calla.rd

__

,.et al., 1972c), the granulosa cells of the ovary (Eyeson, 1971)

begin to produce and secrete estrogen.

Estrogen and growth hormone

collectively act upon the liver (Calla.rd and Banks, 1970) to stimulate
hepatic synthesis of vitellin which is then selectively pinocytosed,
by the ovary, against a concentration grad.1ant (Marschall and Gist,

1973). It is significant that this sequence of events
been demonstrated at cool (15 C) temperatures.

has never

Treatments with LH

which induced vitellogenesis at J2 C in the present study, were
completely ineffective in stimulating vitellogenesis at 15 C.
Furthermore, delta-5, 3 beta hydroxysteroid dehydrogenase activities
have only been demonstrated under warm experimental conditions (e.g.
Jones!.'!: al., 19741

J2 C) and no studies have been conducted to

date which would indicate the presence and activity of this enzyme
in lizards maintained at environ.mental temperatures approximating
the 15 C used in the present study.
Therefore, it seems reasonable to suggest, in the absence of
more conclusive data, that vitellogenesis does not occur at 15 C
after gonadotrophin stimulation of the ovary because steroid
synthetic pathways are disrupted at the enzyme level or that
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estrogen is produced but the liver is inhibited from synthesizing
vitellin.

An additional untested hypothesis is that vitellin is

synthesized and in circulation but the ovarian follicles are not
able to pinocytose the protein.

Finally, it is possible that

the mammalian FSH and LH molecules, used universally by investigators to induce ovarian recrudescence in lizards, are altered
chemically at low temperatures, or that low environmental temperatures alter hormone.receptor sites.
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TABLE 1
Analyses of variance in Anolis carolinensis1
Weight;

B.

Number of Atretic Follicles;

c.

A.

Body

Number of

Pre-vitellogenic Follicles;

D.

Diameter of the Largest

Pre-vitellogenic Follicles;

E.

Combined Ovary Weight.

Anoles were maintained under one of three photothermal
regimens1

14 hours light at )2 CJ

or ) hours light at 15

c.

14 hours light at 15 C;

Anoles were given FSH. LH or

FSH + LH combination injections.
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TABLE 1

A.

Body Weight

Source

di'

Initial Cont. X Regimen I X II X III
Within I, II, III
Error

B.

3

1.27

4.aa*

15

0.19

0.73

169

0.26

df

Initial Cont. X Regimen I X II X III
Within I, II, III
Error

MS

F

3

o. 75

1.87

15

0.53

1.32

169

o.40

Number of P:re-vitellogenic Follicles

Source

di'

Initial Cont. X Regimen I X II X III
Within I, II, III
Error

*Significant

F

Number of Atretic Follicles

Source

c.

M)

0.05 level of confidence.

F

J 206.40 52.JB*

15

6.06

169

3.94

1.53
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TABLE 1. Cont.
D. Diameter of the Largest Pre-vitellogenic Follicles
Source
Initial Cont. X Regimen I X II X III
Within I, II, III
Error

E.

MS

J

0.60

1.22

15

0.14

0.28*

169

0.49

F

Combined Ovary Weight

Source
Initial Cont. X Regimen I X II X III
Within I, II, III
Error

*Significant

df

0.05 level of confidence.

df

M3

3

3965.2

13.60*

15

1568.8

5.40*

169

291.4

F
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TABLE 2

The effect of

LH

upon ovarian follicle yolking in

Anolis carolinensis maintained under 14 hours
light at )2 C during November.

Injections

were given every three days for two weeks.
N

Anoles With
Yolked Follicles Present

Mean
Diameter (mm)

Control (HOH)

9

0

0

5.0

9

0

0

LH

9

7

2.67

JO.O ug LH

10

10

J.69

Hormone
Treatment

15.0

ug

LH

ug

Figure 1.

Comparative body weights (gm) of Anolis carolinensis
injected with either FSH (F), LH (L), or FSH + LH
(FL) under one of three photothermal regimens during
November,

Means underscored by the same line do not

differ at the .05 level of confidence.

Note that a

segment of the ordinate has been removed to save space,

14LtJ2C - 14 hours of light at J2C
14Lt15C - 14 hours of light at 15C
JLt15C -

3 hours of light at 15C

IC - Initial Controls
C - Group Controls

5, 15, JO - Dosage (ug) of FSH or LH.
FLa

5, 15, JO - Denotes combination injections
of 5 + 5, 15 + 15, or JO + JO
ug FSH + LH.
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Figure 2.

Mean number of atretic follicles in both ovaries
of Anolis carolinensis given either FSH (F), LH (L),
or FSH + LH (FL) under one of three photothermal
regimens during November.

Differences were not

significant at the .05 level of confidence.

Note

that a segment of the ordinate has been removed to
save space,
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IC - Initial Controls
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of 5 + 5, 15 + 15, or JO + JO
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Mean number of pre-vitellogenic ovarian follicles
(both ovaries) in Anolis ca.rolinensis given either
FSH (F), LH (L), or FSH + LH (FL) under one of
three photothermal regimens during November.
Means underscored by the same line do not differ at
the .05 level of confidence,

Note that a segment

of the ordinate has been removed to save space.
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Hean diameters (mm) of the largest pre-vitellogenic
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under 14 hours light at 32 C and given either 5, 15,
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Note that a segment of the ordinate

has been removed to save space.
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C - Group Controls

5, 15, JO - Dosage (ug) of FSH or LH.
FLa

5, 15, JO - Denotes combination injections
of 5 + 5, 15 + 15, JO + JO
ug FSH + LH.
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Figure 6.

Mean combined ovary weights {mg) of Anolis carolinensis
given either 5, 15 1 or JO ug of LH (L) and maintained
under 14 hours light at J2

c.

Means underscored

by the same line do not differ significantly at

the .05 level of confidence.
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Figure 7.

Comparative effect of FSH (F) alone or in combination with LH (FL) upon the mean combined ovary
weights (mg) of Anolis carolinensis maintained
under J hours light at

15 C during November.

Mean underscored by the same line do not differ
significantly at the

.05 level of confidence.
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